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Abstract 
Within the scope of the PhD thesis “Continuous dynamic mixing of cohesive powders”  
(V. Kehlenbeck, TU Munich, 2006) a new approach of applying Near Infrared (NIR) spectroscopy was developed to 
study the mixing performance of powder mixers. For the in-line use of a BRUKER FT-NIR spectrometer in a 
continuous GERICKE powder mixer an attachment to clean the probe tip of the spectrometer with compressed air 
was developed. In parallel, this prototype was optimised for the in-line application in a batch mixer from LÖDIGE as 
well as for an automatic and dust-free off-line analysis of powder samples in a self-developed apparatus. Besides the 
in-line applications, the FT-NIR spectrometer was also used to analyze samples taken from a batchwise working 
PRODIMA mixer. For two-component powder mixtures (calcium carbonate and maize starch) it has been shown that 
FT-NIR spectroscopy is a powerful technique to study powder mixing processes in batch and continuous mixers as 
well as for the in- and off-line determination of the mixer performance. Due to the risk of encrustation, the complex 
calibration and the missing robustness of the calibration method as well as the analytical device, the academic 
findings were so far not applied to the production of bouillon products (multi-component mixes with powders and 
liquids). In the framework of a Process Analytical Technology (PAT) initiative the use of NIR spectroscopy for an 
industrial application will be studied. 
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1. Introduction 
Powder mixing is an old and very important unit operation in the food industry. The used powder 
mixers can be grouped in batchwise and continuously operating devices. Depending on the mixer type 
different challenges occur: 
xAlthough the dimension of continuous mixers is relatively small, their throughput can be very high. In 
order to reduce or even avoid waste it is important to react as fast as possible to deviations of the 
product composition from the specification. 
xFor batch mixers it is important to know how long the components have to be mixed. The reason is 
not only saving time and therefore money, but also the risk of overmixing as some bulk materials have 
the tendency to segregate after the mixing quality passed through an optimum. 
In both cases an in-line analysis of the mixing status would be of high benefit. Different research 
groups have shown that laser optical and image analysis techniques can be used in principle. However, 
they have the disadvantage that powders of different colours have to be used and the concentration range 
is limited. 
2. Materials and Methods 
To study the mixing process in different continuous/batch powder mixers the FT-NIR spectrometer 
VECTOR 22/N from company BRUKER OPTIK was used (see Fig. 1). The probe tip (see Fig. 2) is 
connected with the spectrometer via a glass fiber cable. 
 
  
Fig. 1. FT-NIR spectrometer VECTOR 22/N from company BRUKER OPTIK 
(c spectrometer, d probe, e glass fiber cable) [1, 2] 
Fig. 2. Probe tip of the FT-NIR spectrometer 
VECTOR 22/N [1, 2] 
In order to use NIR spectroscopy for the qualitative or quantitative analysis of powder mixtures, the 
tracer component in the mixture has to contain C-H-, N-H- and O-H-groups. These molecule parts are 
found in all organic materials and absorb the NIR radiation. For the studies calcium carbonate and maize 
starch powder was used. Pure calcium carbonate does not absorb NIR light because of missing C-H-, 
N-H- and O-H-groups. Maize starch absorbs a high amount of NIR light. The absorbance spectra of pure 
calcium carbonate and maize starch are shown in Fig. 3. 
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Fig. 3. FT-NIR absorbance spectra of calcium carbonate and maize starch [1, 2] 
Below, different approaches to use FT-NIR spectroscopy for the mixing performance determination are 
presented (more detailed information can be found in [1, 2, 3]):  
a) In-line concentration determination in a continuous mixer from company GERICKE. 
b) In-line concentration determination in a batchwise operating LÖDIGE mixer. 
c) Off-line concentration determination for a FREWITT screw mixer. 
At the outlet of the continuous GERICKE mixer GCM 500 a weir is located (see Fig. 4), which is used 
to change the filling degree of the mixer. The rotating mixing devices induce an outflow of the mixed 
powder over the weir. For the in-line concentration determination in the outlet of the continuous mixer the 
probe of the FT-NIR spectrometer has to be positioned vertically behind the weir. A defined replacement 
of the powder in front of the probe tip is not ensured. Additionally, a powder movement should not occur 
during the analysis to avoid faulty measurements. An attachment for cleaning the tip of the NIR probe 
with compressed air was designed (see Fig. 5). The drilled holes in the attachment allow a tangential air 
cleaning of the probe tip. The air inlet can be opened and closed by an electrically actuated valve, which 
is controlled by the spectrometer software. The attachment is fixed at the end of the NIR probe with a 
screw and is positioned behind the mixer weir (see Fig. 4). The control software of the spectrometer is 
able to record NIR spectra automatically and to clean the probe tip after each measurement. Every 
1.7 seconds a concentration value of the mixture can be determined. 
 
  
Fig. 4. In-line concentration determination in the outlet of the 
continuous mixer GCM 500 from company GERICKE: c continuous 
mixer, d powder inlet, e powder outlet, f probe of the FT-NIR 
spectrometer, g attachment for the probe of the FT-NIR spectrometer 
[1, 2] 
Fig. 5. Attachment for the probe of the FT-NIR 
spectrometer VECTOR 22/N: c probe tip, 
d attachment, e screw to fix the attachment on the 
probe, f drilled holes for horizontal air-cleaning [1,2] 
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FT-NIR spectroscopy was also applied for the in-line concentration determination in the batchwise 
working LÖDIGE blade mixer M 20 MK (see Fig. 6). The mixing chamber has a capacity of 20 litres. 
The mixer is equipped with a chopper for dispersing lumps. The chopper is positioned axially in the 
middle of the mixer. The construction of the rotating blades allows a positioning of the NIR probe only in 
the same plane as the chopper. Experiments with the attachment (compare Fig. 5), originally designed for 
the use in the continuous mixer GCM 500, showed significant fluctuations of the measured 
concentrations. Possible reasons for the fluctuations are bulk density changes in front of the probe tip 
and/or a powder movement induced by the rotating blades. To improve the analysis results, a new 
attachment was constructed (see Fig. 7). The attachment is also fixed with a screw on the NIR probe. The 
construction of the new attachment ensures that the powder in front of the probe tip does not move during 
the measurement and that the bulk density in the bored truncated cone is approximately constant. The 
truncated cone has a height of 20 mm, a diameter of 38 mm at the top and a diameter of 30 mm at the 
bottom. In addition to the drilled holes for the horizontal cleaning of the probe tip, two drilled holes for a 
vertical fluidization and blowing out of the powder are integrated. The opening allows a horizontal 
outflow of blown away powder. 
 
  
Fig. 6. In-line concentration determination in the batchwise working LÖDIGE blade mixer M 20 MK: c blade mixer, d chopper, 
e shaft with blades, f probe of the FT-NIR spectrometer, g flange for holding the probe, h probe attachment for cleaning with 
compressed air, i flexible tube for compressed air supply [1, 2] 
 
 
 
 
Fig. 7. Attachment for the probe of the 
FT-NIR spectrometer: c NIR probe, 
d attachment, e screw to fix the 
attachment on the NIR probe, 
f drilled holes for horizontal cleaning 
with compressed air, g drilled holes 
for vertical cleaning with compressed 
air, h opening for horizontal outflow 
of blown away powder [1, 2] 
 
Another batchwise operating mixer which was evaluated is the FREWITT screw mixer type 
PRODIMA MP-150 (see Fig. 8). In comparison to the high-shear GERICKE and the LÖDIGE mixers the 
FREWITT screw mixer is a low-shear mixer. The mixing device is not able to fluidize the powder. For 
the analysis of the mixing performance samples were taken out of the FREWITT mixer and analyzed off-
line in a self-developed apparatus which was also used for the calibration of the FT-NIR spectrometer 
(see Fig. 9 & 10). 
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Fig. 8. FREWITT mixer (type PRODIMA MP-150) [3] 
   
Fig. 9. Self-constructed calibration and analysis apparatus: 
c fiber optic cable of the probe, d calibration apparatus, 
e inlet for samples to be examined, f flexible tube to the 
vacuum cleaner, g bypass [1, 2] 
Fig. 10. Section drawing of the calibration and analysis apparatus: 
c probe of the FT-NIR spectrometer, d housing, e attachment 
for cleaning with compressed air, f inlet for compressed air, 
g inlet for the sample to be analyzed, h extraction [1, 2] 
3. Results and Discussion 
As the throughput of continuous mixers is high, it is important to react as fast as possible to deviations 
of the product composition from the specification. Fig. 11 shows a typical response in the mixer outlet to 
a stepwise changing of the maize starch concentration at the inlet of the continuous mixer. For the trial, 
the set mixture composition of 20% maize starch and 80% calcium carbonate was changed in a stepwise 
manner to a maize starch concentration of 80%. After 425 s, the maize starch concentration was set back 
to the initial value. The FT-NIR spectrometer in combination with the developed attachment allows a 
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monitoring of the tracer concentration in the outlet. The time when the steady state is reached as well as a 
deviation from the set concentration can be detected. 
 
 
Fig. 11. In-line concentration determination in the outlet of the continuous GERICKE mixer GCM 500 (stepwise changing of the 
set maize starch concentration) [1, 2] 
One main task of continuous mixers is the reduction of concentration fluctuations. For the trials 
performed with the continuous mixer GCM 500 defined concentration fluctuations were generated at the 
mixer inlet. The average calcium carbonate mass flow was 15 g/s fluctuating with an amplitude of 14 g/s 
and a period length of 40 s. The maize starch mass flow was kept constant at 10 g/s. Fig. 12 shows the 
reduction of the calculated calcium carbonate fluctuation at the inlet of the continuous mixer compared 
with the measured calcium carbonate concentration fluctuations in the outlet of the mixer. The rotational 
speed of the mixing device was 196 min-1 in the left and 176 min-1 in the right diagram. The in-line 
concentration determination offers the chance to determine if the concentration fluctuations at the outlet 
of the continuous mixer are within the specification as well as to optimize the mixer settings. 
 
 
Fig. 12. Influence of the rotational speed of the mixing device in the continuous GERICKE mixer GCM 500 on the mixing result 
[1, 2] 
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For a batchwise working mixer it is interesting to know when the best respectively the specified 
mixing quality is reached and the batch can be discharged. Fig. 13 shows the result of in-line 
concentration measurements in the LÖDIGE mixer M 20 MK. A mixture of 50% calcium carbonate and 
50% maize starch was used for the experiment. The two powders were filled in the mixer one after the 
other. The mixing process was completed after a mixing time of about 30 s. A longer mixing will lead 
neither to an improvement nor to a worsening of the mixing result. 
 
 
Fig. 13. In-line concentration determination in the LÖDIGE batch mixer M 20 MK (mixture of 50% calcium carbonate and 50% 
maize starch; powders poured one after the other) [1, 2] 
For a FREWITT mixer type PRODIMA MP-150 (compare Fig. 10) the mixing quality improvement 
with time is shown in Fig. 14. The mixing quality is defined as the empirical variance of the measured 
maize starch concentrations. The inclination of the mixer was 10° against the horizontal and the screw 
was rotating with the maximum rotational speed of 340 min-1. After 60 s, 120 s and 240 s samples were 
taken from the mixer. The mixing performance was evaluated by determining the maize starch 
concentration in the taken samples indirectly with the NIR spectrometer. After 120 s, the calculated 
mixing quality is in the same range as the empirical variance of the stochastical measuring mistake.  
 
 
Fig.14. Improvement of the mixing quality for a two-component mix of calcium carbonate and maize starch
(cmaize starch = 0.4 kg/kg): Samples taken from a FREWITT batch mixer type PRODIMA MP-150 and analyzed off-line [1, 2] 
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4. Conclusions 
For two-component powder mixture of calcium carbonate and maize starch it has been shown that the 
FT-NIR spectroscopy is a powerful technique to study powder mixing processes in batch and continuous 
mixers as well as for the in- and off-line determination of the mixer performance.  
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